Abstract-The action of prostaglandin E, on tyrosine hydroxylase activity in adrenal slices of guinea pig was studied. The activity of tyrosine hydroxylase was decreased by the incubation of adrenal slices with prostaglandin E, at concentrations beyond 2 I-eg per ml for 2 hours. The activity of tyrosine hydroxylase was stimulated by dibutyryl adenosine 3',5'-monophosphate in slices of guinea pig adrenal glands. Incubation of adrenal slices with the combination of PGE1 and DBc-AMP led to a tyrosine hydroxy lase activity higher than that with PGE, alone, but not as great as DBc-AMP alone. It was suggested that PGE, inhibited the enzyme activity independently of the cyclic AMP level. Other prostaglandins such as PGA, and PGB1 were deficient to the extent that the tyrosine hydroxylase activity was decreased. PGE, inhibited the enzyme activity much to the same extent seen with protein synthesis inhibitors such as cyclo heximide and actinomycin D. However, PGE, did not influence the incorporation of L-leucine-1 C into acid insoluble protein. The studies reported here showed that PGE, inhibited the synthesis of tyrosine hydroxylase.
Prostaglandins are known to exist in a variety of tissues in many different species (1, 2) .
It has been suggested that prostaglandins regulate the intracellular concentration of ade nosine 3',5'-cyclic monophosphate (cyclic AMP), the postulated intracellular intermediate of hormonal action (3) . For example, prostaglandin E1 (PGE1) blocks the catecholamine stimulated increase of cyclic-AMP in adipose tissue (4) .
In a previous study from this laboratory (5) , it was shown that the activity of tyrosine hydroxylase was stimulated by dibutyryl adenosine 3',5'-monophosphate (DBc-AMP) in slices of guinea pig adrenal glands. However, presence of actinomycin D and cycloheximide prevented the effect of DBc-AMP.
In the present work, PGE1 was found to decrease tyrosine hydroxylase activity in slices of guinea pig adrenal glands. Also, PGE1 blocked the increase of the enzyme activity independently of cyclic-AMP.
MATERIALS AND METHODS
The radioactive compound, 3H-3,5-tyrosine was obtained from the Radiochemical
Centre, England. DBc-AMP was obtained from the Sigma Chemical Company. Pro staglandins (E1, E2 and F, ,,) were a gift from the Upjohn Company, Kalamazoo, Michigan.
Other reagents were as described in a previous paper (5).
Male guinea pigs, weighing about 400 g were maintained on a commercial guinea pig diet and were allowed free access to food and water up to the time of death. After decapi tation, the adrenal glands were removed, chilled and cut with a razor into 0.5 mm slices.
As described previously (5), adrenal slices (about 100 mg) were incubated in 2.0 nil of Krebs Ringer phosphate buffer (pH 7.4) containing 10'// bovine serum with or without PGEI (20 pg per ml). Incubations were carried out usually for 2 hours at 37 °C in an atmosphere of 95 % 02-5 % CO2 (6) . PGEI (2 mg) was dissolved in the I ml of ethanol. This PGEI solution (20 pl) was added to the 2 ml of incubation medium. To all vessels not containing PGEI was added the same amount of 99% ethanol. In the experiments in which RNA or protein synthesis inhibitors were used, actinomycin D (8 x 10-1 M) or cycloheximide (3 x 10-s M) was added to the incubation medium. After 2 hours of incubation, the slices were chilled on ice, washed twice with 5 ml of Krebs-Ringer phosphate buffer by centri fugation, and homogenized in 1.0 ml of 0.32 M sucrose using a Potter-Elvehjem homogenizer.
The tyrosine hydroxylase activity of the resulting homogenate was assayed according to the method of Nagatsu et al. (6) as modified by Nakashima et al. (7) . Protein was measured by the method of Lowry et al. (8) .
Tyrosine hydroxylase activity was defined as the activity of the enzyme which catalyzed the release of 3H-tyrosine equivalent to the formation of 1 nmole of DOPA in 30 min per nig of protein.
Adrenal slices of guinea pig were incubated in 2 ml of Krebs-Ringer phosphate buffer containing 10% bovine serum, and PGEI and cycloheximide were added as shown in Table   4 . After incubation for 1.5 hours at 37'C in an atmosphere of 95% 02-5 CO", L-leucine U-14C (0. washed twice with warm ether. The resulting precipitate was dried and dissolved in 0.5 ml hyamine 10 x (9). Ten milliliters of scintillation mixture (4 g PPO and 0.1 g POPOP in 1000 ml toluene) were added and the radioactivity was measured.
RESULTS

Effect of PGEI on tyrosine hydroxylase activity of adrenal slices of guinea pig
The slices of adrenal gland were incubated with and without 20 lcg of PGEI. Tyrosine hydroxylase activity was decreased at about one-half of the control by the incubation with PGEI (Table 1 ). In the homogenate of adrenal glands, the direct addition of PGEI (20 pg per ml of assay mixture) did not produce a decrease in the enzyme activity.
The effect of PGEI concentration on tyrosine hydroxylase activity is shown in Table 2 .
At concentrations over 2,ug per ml, PGEI markedly decreased the enzyme activity in adrenal slices of guinea pig.
Time course of the action of PGEI on tyrosine hydroxylase activity is shown in Fig. 1 . The adrenal slices of guinea pig were incubated as described in Materials and Methods.
Tyrosine hydroxylase activity was deter mined as described previously (1) . All values were expressed as nmoles per mg protein per 30 min.
Adrenal slices were incubated with 20 /_ig of PGEI and tyrosine hydroxylase activities were assayed after 1, 2, 3 and 4 hours. A decrease of tyrosine hydroxylase activity was detected after 1 hour of incubation of adrenal slices with PGEI. One hour after the addition of PGEI, the enzyme level started to decrease and reached the minimum at 2 hours. The low level was maintained at least for 4 hours.
Effect of PGEI and DBc-AMP on tyrosine hydroxylase activity
In the experiments reported previously (5), tyrosine hydroxylase activity in adrenal gland of guinea pig was increased by the incubation of slices with DBc-AMP. However, in this study, incubation with PGEI decreased the enzyme activity. Butcher and Baird found PGEI antagonized the action of epinephrine on cyclic AMP levels in fat cells (10) .
If PGEI depressed the tyrosine hydroxylase activity on cyclic AMP levels, PGEI did not lower the enzyme activity incubated with PGEI and DBc-AMP. Therefore, experiments were undertaken to clarify whether PGEI depressed the enzyme induction by DBc-AMP. FiG. 1. The time course of the action of PGE1 on tyrosine hydroxylase activity in adrenal slices of guinea pig. The adrenal slices of guinea pig were in cubated with or without 20 ,,g per ml of PGE1 for the time indicated. Tyrosine hydroxylase activity was determined as described previously (7). PG E1 (20 p g); (x ----->: ), no addition.
Ftu. 2. The effect of PGE1 and DBc-AMP on tyrosine hydroxylase activity in adrenal slices of guinea pig. The adrenal slices were incubated for 2 hours in Krebs Ringer phosphate buffer containing the additions as shown. The experimental conditions were as described under "Experimental Procedure" . Tyrosine hydroxylase activity was determined as described previously (7). The results are average of three experiments. The vertical burs are standard errors of the mean. Induction of adrenal slices with the combination of PGE1 and DBc-AMP led to a tyrosine hydroxylase activity higher than PGE1 alone (Fig. 2) . Thus, PGE1 depressed tyrosine hydroxylase activity, independent of the formation of c-AMP. PGE1 did not depress tyrosine hydroxylase activity as a result of lowering the levels of c-AMP.
Effect of PGE1 on tyrosine hydroxylase formation
It has been shown previously, that DBc-AMP stimulates the synthesis of tyrosine hydroxylase (5). As shown in Fig. 2 , PGE1 depressed the enzyme activity independent of the formation of cyclic AMP. Therefore, in the case of PGE1, it is considered that the rate of synthesis of tyrosine hydroxylase decreased or the rate of the degradation of the enzyme was enhanced.
To determine whether or not a new synthesis of enzyme protein is involved, the effect of cycloheximide and actinomycin D were examined (Fig. 3) . The incubation of adrenal gland slices with cycloheximide or actinomycin D led to a decrease in tyrosine hydroxylase activity. When the adrenal gland slices were incubated with PGE1, tyrosine hydroxylase activity was decreased and the levels were the same as those for the enzyme activity incubated with protein synthesis inhibitors. When adrenal gland slices of guinea pig were incubated with PGE1±actinomycin D, the enzyme activity did not further decrease as was seen with the treatment with PGE1 alone. Therefore, PGE1 had the same effect on the inhibition of the enzyme synthesis inhibitors.
Effect of other prostaglandins on tyrosine hydroxylase activity PGE1 (20 jig per ml) decreased tyrosine hydroxylase activity in slices of guinea pig adrenal gland (Table 1 ). Significant decrease was observed at the concentrations beyond 2 ,~cg per ml ( Table 2 ). As shown in Table 3 , PGA1 slightly decreased the enzyme activity, however, this change did not statistically alter the enzyme activity (Table 3).   TABLE 3 . Effect of PGE1, PGA, and PGB, on tyrosine hydroxylase activity in adrenal slices of guinea pig
The experimental conditions were gs described under "Experimental Procedure".
Tyrosine hydroxylase activity was determined as described previously (7). All values are the average-standard error of the mean of triplicate determinations.
TABLE 4. Effect of prostaglandin E, and cycloheximide on L-leucine-14C incorporation
The adrenal slices of guinea pig were incubated as described in Methods. Tyrosine hydroxylase activity was determined as described previously (7). All values were expressed cpm per mg protein.
Effect of PGE1 and cycloheximide on L-leucine-14C incorporation
In these experiment, the inhibition of the rate of tyrosine hydroxylase synthesis by PGE1 was similar to the inhibition by protein synthesis inhibitors. In order to determine whether or not the inhibition by PGE1 is specific for tyrosine hydroxylase synthesis, the effect of PGE1 and cycloheximide on the incorporation of L-leucin-14C was studied (Table   IV) , cycloheximide at a concentration of 3 x 10-1 M inhibited the incorporation of L-leucine-14C into acid insoluble protein by 90%. However, PGE1, at a concentration of 20 /ig per ml did not influence the incorporation of L-leucine-14C into proteins. Therefore, the effect of PGE1 on tyrosine hydroxylase activity was not found to be due to a decreased rate of enzyme synthesis.
DISCUSSION
The present experiments have demonstrated the decrease in tyrosine hydroxylase activity of adrenal gland of guinea pig by the incubation of slices with PGE1. In the rat epididymal fat pad, Steinberg and Vaughan et al. found that the PGE1 decreased the cyclic AMP levels, and PGE1 antagonized the lipolytic actions of catecholamines and adrenocorticotropic actions of exogeneous cyclic AMP or DBc-AMP (11, 12) . Further, Butcher and Baird reported that PGE1 did in fact antagonize the effect of epinephrine on cyclic AMP levels in fat pads and isolated fat cells (10) . Thus it was indicated that PGE1 decreased the enzyme activity. The addition of DBc-AMP-rPGEI decreased the enzyme activity more than that of DBc-AMP alone. The enzyme activity was depressed by the addition of PGE1 less than that of DBc-AMP±PGE1.
This suggests that PGE1 did not inhibit the increase in the activity of adenyl cyclase and did not effectively lower increased levels of cyclic AMP.
Therefore, it appears that PGE1 inhibited tyrosine hydroxylase activity independent of the levels of cyclic AMP.
In the present study, although 20 ,%cg per ml of PGE1 decreased the tyrosine hydroxylase activity in the adrenal gland, an equivalent dose of PGA1 and PGB1 had no effect on the decrease in the enzyme activity. Such variations in response to different prostaglandins are not unique to the adrenal gland, but have also been observed in other tissues (10, 13, 14) . PGE1 was more effective than PGFIa, and PGFlawas inactive in inhibiting the increase in cyclic AMP levels induced by various lipolytic agents in adipose tissue (10) . PGE1, PGE2
and PGF1a also differ in their stimulation of adrenal steroidogenesis in vitro (14) . Such variability with the prostaglandins has yet to be elucidated.
Despite the decrease in tyrosine hydroxylase activity in adrenal gland incubated with PGE1, PGE1 did not significantly decrease the incorporation of 14C-leucine into acid insoluble protein. However, cycloheximide inhibited the incorporation of L-leucine-14C into acid insoluble protein by 90 %. It is evident from this study that PGE1 inhibits only the synthesis of tyrosine hydroxylase, or a few proteins.
Dairman and Udenfriend did not detect an increased catecholamine synthesis related to the induction of tyrosine hydroxylase by phenoxybenzamine (15) . This increased syn thesis has been postulated to be a consequence of an increased amount of enzyme protein.
Our results demonstrated a marked decrease in tyrosine hydroxylase activity of guinea pig adrenal slices after incubation with PGEI. Such suggests that PGEI may regulate catecho lamine synthesis. Further studies are necessary to clarify the role of PGEI in the regulation of tyrosine hydroxylase activity.
